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Over a period of less than a decade, ocean acidification-the change in seawater chemistry due to rising atmospheric carbon dioxide (CO 2 ) levels and subsequent impacts on marine life-has become one of the most critical and pressing issues facing the ocean research community and marine resource managers alike. The objective of this special issue of Oceanography is to provide an overview of the current scientific understanding of ocean acidification as well as to indicate the substantial gaps in our present knowledge. Papers in the special issue discuss the past, current, and future trends in seawater chemistry; highlight potential vulnerabilities to marine species, ecosystems, and marine resources to elevated CO 2 ; and outline a roadmap toward future research directions. In this introductory article, we present a brief introduction on ocean acidification and some historical context for how it emerged so quickly and recently as a key research topic. Keeling, 1960); present values (387 ppm) are already more than 37% greater than pre-industrial levels (~ 280 ppm) Tans, 2009) . If fossil fuel consumption continues unabated, it could double or triple before the end of this century (Tans, 2009) . The current rapid rise in atmospheric CO 2 is as much as 30 times faster than natural rates in the geological past, and present levels are higher than at anytime in at least the last 850,000 years and likely several million years (Kump et al., 2009 ).
As atmospheric CO 2 rises, thermodynamics and air-sea gas transfer processes drive some of the extra CO 2 into ocean surface waters, leading to substantial shifts in seawater acid-base chemistry and, importantly, the chemical speciation of the large reservoir of inorganic carbon dissolved in seawater (Figure 1 ). In aggregate, these chemical changes are termed "ocean acidification. " The basic principles for these reactions have been appreciated for some time, and even before the start of the Mauna Loa record, Revelle and Suess (1957) argued that the ocean would quite effectively remove a large fraction of fossil fuel CO 2 from the atmosphere (see also Bolin and Eriksson, 1959) .
The basic chemistry of ocean acidification was first described in the early 1970s, based on early models of CO 2 exchange at the air-sea interface and the thermodynamics of the carbon system in seawater (Broecker et al., 1971 (Broecker et al., , 1979 Broecker and Takahashi, 1977; Fairhall, 1973; Zimen and Altenhein, 1973; Whitfield, 1974; Skirrow and Whitfield, 1975; Pytkowicz and Small, 1977 (Feely and Chen, 1982; Mucci, 1983; Byrne et al., 1984; Feely et al., 1984 Feely et al., , 1988 and that tropical regions would remain supersaturated with respect to these minerals throughout the twenty-first century.
By the 1990s, an intense effort of ship-based surveys and ocean time series was underway to quantify the ocean's role in the climate system as a sink for human-released CO 2 (Sabine et al., 2004) . Now, the alteration of seawater chemistry from the invasion of excess CO 2 into the ocean is also clear from these ongoing field observations (Dore et al., 2009; Fabry et al., 2009; Feely et al., 2009; Hauri et al., 2009 ). The analytical methods for seawater carbonate chemistry are now well established . Coordinated observational strategies for monitoring ocean acidification (and its potential biological impacts; see below) are underway (Feely et al., in open review), applying traditional techniques as well as new approaches that employ satellite remote sensing (Gledhill et al., 2009; Balch and Utgoff, 2009 ) and autonomous platforms such as floats and gliders (Johnson et al., 2009; Bishop, 2009 Dore et al., 2009) Concerns also arose about how marine ecosystems might respond to ocean warming and changes in circulation caused by alterations in the planet's radiative balance from the elevated CO 2 in the atmosphere (Boyd and Doney, 2002) . By contrast, the biological effects of rising atmospheric and oceanic CO 2 directly on marine life was a rather obscure topic through much of the 1980s and early 1990s, explored by only a few scientists. Several groundbreaking studies, specifically designed to test atmospheric CO 2 impacts, revealed potentially dramatic responses in corals and coral reef communities (e.g., Gattuso et al., 1998; Marubini and Atkinson, 1999; Kleypas et al., 1999; Langdon et al., 2000) and planktonic organisms (e.g., Riebesell et al., 2000) . Increased solubility of calcium carbonate minerals used as skeleton and shell material by corals (Cohen and Holcomb, 2009; Kleypas and Yates, 2009) and other pelagic and benthic calcifiers (Fabry et al., 2009a (Fabry et al., , 2009b Balch and Utgoff, 2009 ) generally results in a slowdown of the overall calcification process by mechanisms that are just beginning to be understood (Cohen and Holcomb, 2009 It is not a stretch of the imagination to assume that the physical chemistry of seawater will change such that rates of redox reactions associated with metal oxidation and electolysis would change.
This more applied chemistry would be of strategic importance to both shipping and naval interests, particularly as it affects the integrity of ship hulls.
NatiONal aNd iNterNatiONal reSpONSe tO OceaN acidiFicatiON
Over the last several years, the rapid pace of scientific discoveries has led to a dramatic rise in the visibility of, concern about, and urgency of ocean acidifica- Villefranche-sur-mer, France." 1 it is recognized that the paleosciences will continue to provide important contributions to unraveling the consequences of ocean acidification. however, this field entails another broad spectrum of scientific approaches not covered in this guide to best practices. The paleo community may find it beneficial to formulate guidelines and standardized protocols specific for research on past acidification events. After a first round of anonymous expert reviews, 
